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There are two typos of glucuronide, dcpending on 
thc aglycoric: alcol~ols and phenols give risc to 
glycosidic or ‘ether’-linkcd gluciironitlcs, and cer- 
tain carboxylic acids to acylal or ‘cstcr ’-linked 
conjugates (see Teaguc, 1954). 

It is known that iiridinc diphosphato glucuronic 
acid (UDPglucuronic acid) acts ~9 a gliwuronyl 
(lonor in the synthesis of ‘cthcr’ glucuronidcs, 
transfcrring its glncnronic mid to an acceptor 
(R.OH),  an 'ether' glucuronidc ant1 uridine 5’- 
pyrophosphatc (UDP) being formed in the following 
inanncr (Dutton & Storey, 1953, 1954; Storey & 
Dutton, 1965; Isselbacher & Axelrod, 1955) : 

R . OH + UDl’glucuronic acid --f 

Storey & I)utt.on (1955) suggested that UDP- 
glucuronic acid is an ‘activc’ form of glucuronic 
wid. taking part in the genoral tissuc inetabolisin of 
that substance; i t  thercforo scemed of intcrcst to 
study the rangc of compounds acting IW acccptors 
in the abovc reaction. The aglycones previously 
known to be conjugated in t.his rnanncr wcrc o- 
aminophcnol, ( -  )-menthol (Dutton & Storcy, 
1951). phcnolphthalein, thyroxine andsomo cortico- 
steroids (Isselbachcr & Axelrod, 1955), all 
yielding ‘ether’ glucuronides. 

The present work cxtcncls theso obscrvations t.o 
include m acceptors two aromatic acids forming 
‘ester’ glucuronides and. aa examples of aliphatic 
compounds, an acid and an  alcohol giving rise to 
an ‘ester’ and an ‘ether’ type of conjugate re- 

R . 0. glriciironic acid + UDP. 

spectively. Eviclcnce for thc formation of the 
gliiciironidcs of pregnane-3a:20-diol and of some 
othor compounds is also presented. 

Of tho aglycones chosen, p-aminobenzoic acid has 
bccn isolated aa its ‘ester’ glucuronidc from rabbit 
iirine (Bray, Lakc, Noalc, Thorpc & Wood, 1948); 
formation of o-aminobenxoyl glucoronitlc has been 
reported inrat-liver slices (8hirai & Ohkitbo, 19540); 
1:l-dimothylpro~~noI (teTt.-amyl alcohol) and a- 
cthylhexanoic acid arc excmted m ‘ether ’ and ‘ cstcr ’ 
glucuronides rospoctively in rabbit urine (Kamil, 
Smith & Williams, 1953a, b). Pregnane-3a:9Oa-diol 
and 3a-hydroxyandrostan-17-ono (androstcrone) 
glucuronidcs have bcen isolated from human urine 
(Vcnning & Browno, 1936; ICdwards & Kellic. 1956), 
and 4:4’-clihytlroxy-a~-diothylstilbonc (stilboestrol) 
glucuroiiido from rabbit urinc (MInzur C Shorr, 
1049); aZ[op~gntlrie-3~:20~-diol glucuronidc does 
not yet appear to havo been (letc:ctcd, nlthough the 
3a:2Or-isomer has been found in human urine, con- 
jugated with an rinident,ifioil snbstimce (Kylo & 
Marrian, 1951). 

Preliminary reports of this work havo alreac1.y 
appcarcd (Iht ton,  1955; Storcy & Dutton, 1956; 
Dutton & Spcncer, 1‘3.56). 
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p-Aminobenzoyl glucuronide (PABG) was crystallized from 
an ether-extracted soh. of an  equimoleculsr complex of 
PAB and PABG, and also recrystallized twice from a cruder 
PABG specimen (original materials were 9 years old and 
kindly given by L)r W. V. Thorp) .  Potassium &%ethyl- 
hesanoyl-D-glucuronide monohydrate was recrystallized 
from h cruder specimen presented by Profensor R. T. 
Willinmn, who also generously sent a sample of tri-o-acetyl- 
~-l:l-dimethylpropyl-D-glucuronide methyl ester; from 
this, a gum prenumed to Lw thc potaaqium salt of the free 
glacoronidc was prepared by the gradual addition of the 
cnlculnted amount of ethanolic KOH a t  20" (method kindly 
supplied by Professor R. T.WiUinms). a-Ethylhexanoic acid, 
b.p. %2W223', wlul prepnred by the oxidation of commercial 
2-cthyl-n-hcxnnul by method (a )  of Kenyon & Plntt (1939). 
Pregnnnc-3dOa-cliol was genewidy prescnted by Ur J. K. 
Grnnt, and socliuni pregnanediol glucuronidatc was a 
specimen from tho Medical ltesearch Council steroid 
collection. alloPrcgnane-3~:20~-diol, androsternnc and 
stillmestrol were cornniercial samples (Light and Co.). 

ZII~Pglucuronic arid. In preliminary experinients, either 
the 'crude' or bnrium*thanol fractionated nucleotide ww 
uned: for confirmation. chron~atogrnphicnlly pure prcparn- 
t iow wrre employed (Storey & l h t t o n ,  1955). Glucuronic 
acid from the nucleoticlcdid riot intorfcro with estimations of 
ronjugate glucuronic acid. 

pXucurunidase.  This was propnrcd Iiy thc inetliod of 
Kerr, Graham B Lcvvy (1948). Incubation for hydrolysis 
ww a t  ptI 5.1 for 3 hr. a t  37". 

Homogenate 
Tiwue dinperaim. The method was that used previoiinly 

(Uutton & Storey, 1954). With aliphatic and strroid suli- 
strntcs a 20% (w/v) morisc-liver homogenate rcplacrd the 
10 yo concn. norinnlly employed. 

Frac!iolznlion of hornyenote. Fructiiination followed the 
mrthod of Schiiekler & Hogclioom (1950); nll oIwrations 
were dono a t  0'. A 10% ( r i r )  mouse-liver homogenntc 
(10 ml.) was prepnred in 0.25nr sucrose; the nuclei were 
centrifuged down at 7M)g for 10 min., the mitochondria nt 
5OlW)g fur 20 min., and the microsomes a t  about 21 OOOg 
for 1 4  hr.; the 'high-speed supernatant' remained after 
snch ccntrifugiirg. All particulate fractions were wnshed by 
rwusponsion in sucrose, followed by a further ccntrifuging, 
and were finally suspended in 9 ml. of sucrose soh. (In 
prcliniinary exprrimentn, I nil. of nr-KCI w w  added to the 
nirclrus- and mitwhondrion-free liomogenatc, and the 
nggrcgntcd rnicro.yonios were centrifuged down a t  about 
21OOOg for 40 min., hcing then washed in isotonic KCI and 
rcnuq)cnded in wcrow.) E x c e s  of sncrose interfered in 
gliiciir~~nic ncid estimation of thc nliphatie conjugates; in 
such ca.wn the washed particles were resuspended in isotonic 
KCI, the 'high-spccd aupernntant' heing that resulting 
from the centrifuging (nt nlmut 21OOOg for 40 min.) of a 
homogcnnte dispersed in iaotrmic KCI. 

R a t i o * &  medium 
This was clrwitially that used fnr o-aminophenyl gluc- 

urnnide synthcsis (Uutton & Storey, 1984; Storey & 
Dutton, 1955). Pure U1)Pglucuronic ncid when present WIU 
of find conen. 0.05 niM, measured from the absorption nt 
260 mp. (xec Storey t Dutton, 1955). 

(JAR and P A B  ad subsbuten. The o-aminophenol- 
nscorbic acid mixture wlul replaccd in the small-scale 

reaction medium of Storey & Dutton (1955) by 0.14 mp 
OABorPAB(asthepotaasiumealt).Thedigeat (0% ml. total 
volume) wan incubated for 30 min. at 37'. 

a-ELhylhemmic acid und tort.-umyl alcohol (IS subslrdes. 
r-Ethylhexanoic mid (es the potassium salt) and LerL.-amyl 
alcohol were 1.38 and 14.2 mM respectively in a total volume 
of '7 ml. or 0.6 ml. of medium in suitable stoppered flasks. 

A n d r o d e m ,  slilboc8lro1, allopr'egnanediol and pregnane- 
diol a8 subslraes. Because of the insolubility of these sub. 
strates and thc difficulty of achieving their uniform dis- 
persion, it is not possible to record their final molarities in 
the medium. They were usually added in great excms 
(2 mg./ml.) to  the homogenizing soh. and dispcrscd through 
the disrupting tissue. Occasionally they were homogenized 
in fresh human scrum before addition to  the medium, hut 
this tended to  increase control readings in the naphthn- 
resorcinol reaction. To achieve measurnblc conjugation. the- 
total volume of mcdium was incrcnsed to  20 niI./AiL.ik, with 
a 20% (w/v)*homogcnato, and incubation was for 1 hr. a t  
37". 

Ee'stimation of coajugac'es 
OAB nnd P A B  ns srtbatrntes. A rnoilificntion of tho 

method nf Sliirai t Ohkubo (1954a) ww o w l .  After incul)ii- 
tion, 1.4 ml. nf water and 0.4 ml. of u-t,richloroacetic acid 
were added, and protein was centrifuged down. Ton 1.6 inl. 
portion of the supernatant, 0.28 nil. of 0.5h1-Nn2C0, and 
0.12 ml. of wnter were added (bringing the pH to'4.0). and 
the soh. was cxtrnctod thrice with 3 ml. partions of ether to 
remove free substrate. The aqilcouu win. wns thcn trentril 
with 0.4 ml. of s-KOH and licated a t  W fnr 1 hr. to hydro- 
1y.w the 'ester'-linked conjugate, Iwfore Iring hrought t u  
p H 4  with N-HCI and again extrncted thrirc with 3 ml. 
portions of ether. The ethercnl lnyer contnincd the ncid 
aglyconc rclcancd from 'estrr' conjugation by hydrolyab 
and wns itsrlf extrncted twice with 0.8 ml. volumcu of 
0.1 N-NaOH. 'hi the nqll~ollR phwe from this cstri~ction wns 
added 0.01; nrl. of ~ N - H C I .  followed by 0.1 nil. cnch of 0.1 X ,  
NaXO,, 0.5% anlmonium snlphamntc, 0.1 "/o ,\'-(I- 
naplithyl)cthylcncdiu~~~i~~c dihyrlr~iclilolkl~. After ineulia. 
tion a t  37" fur 3 hr.. tho extinctions were read in th r  1 cm. 
microcnlln of the Spckker nl~norption~ctcr, with llford filtcr 
no. 605 (pcnk trnnsmis*ion. 550 mp.) .  

a-Eth!/lhuanoic acid und tcrt.-atnyl dcuhol an rrblmlm~. 
After incubation. proteins were prc~~ipitntrd by an c q t d  
volume of 3?(, (w/v)  sulphosnlicylic acid, and ccntrifugrd 
down. With u-cthylhrxnnnic wid  8.3 substrate, 3 1111. 
portions of the aupernnhnt wcre cxtrnctedoncc with 2 wl.,  
and twice with I vol. of ctliyl ncctntc. The orgnnic phase wts 
taken to dryness at 40" in n current of air. With lPrl.-amyl 
alcohol aa subtrnte,  3 ml. portions of the siiyxnntant wew 
snturntcil with (",),SO, nnd cxtrnrtcd thrice with rqiinl 
volninea of n 1:4 (vi") cthnnol-ether mixturr (Knmil rl al. 
1953a); the orgnnic phwc wns tlicii taken to clrynrss. 

To the remlting gums, 3 nil. of water, 2 i d .  nf IRN-H,SO, 
and 2 ml. of fresh 035% (w/v) aqueous naphthnrcsorcin<rl 
soln. werc added, and the whole wns heihxl a t  100" for 1 hr., 
cooled, and extrnctcd with n misturc of4 ml. of cthnnol and 
0 ml. of toluene. The extinction of thc orgnnic phnsc was 
read in thc Spekker absnrption1etcr. with Ilford filter no. 
605. 

Androslerune, slilbomlrd and nllopregnanadiol un 8ab- 
nLrale.9. Protein was removcd hy heat coagulation and 
centrifuging, and the conjugates were extracted from the 
acidified (HCI) supernatant five times with equal rolunies of 

' 

a '  
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ethyl acetate, or thrice with one-half volume of n-butanol. 
The solvent waa then removed, if necessary in vacuo; the 
naphtharesorcinol reaction was performed 88 above on the 
resulting gum. 

Paper chromatography 
Thk waa carried out by the asoonding or ascending- 

descending mcthod (Block, IYrfl) in all-glsss tanka, with 
Whatman no. 641 paper; unleea othcrwisc statcd the temp. 
was 20". Spots were idcntified by reference to standard 
compounds rather than hy cornparkon with publkhed Rr 

OAB, PAB,  o-amin(Vheno1 an3 lheir qlucuronidcs. 
Solvents usecl were (a) n-liutanol-acetic acid-water 
(4:l:l.  by vol.) (Ahirai & Ohkubo, 1954~); ( b )  n-butanol- 
I ~ N - N H ,  soh. ( 1 : l .  v/v) (Brown. 1950); ( c )  ethanol-nr 
ammonium acetate, pH 7.0 (3:2, v/v). Chromatograms 
wcrc sprayed lightly with 0. I y' NnNO, freshly prepared in 
O.~N-HCI, dried in nir, nnd spraymi again with 0.2% 
ethanolic N - (  1-naphthyl)ethylcncdiaminc dihyrlrochloride. 
o-Aminophcnolpvc aycllow, not pnrple,spot. Thenaphtha- 
resorcinol test far glucuronic mid WRY pcrforrncd on eluates 
of chromatogram wew. 

a-Elh~/lhezanoic acid. Solrents II.SCYI wore (u) n-butanol- 
l..5N-NHs d n .  ( l : l ,  Y / V )  (Brown, 1950); (h) i.vaictane- 
scckinc-ethanol (DT,~&crinc. NH, soh. (10:30:30:1, by 
vol.) (?Ink, 1953). For (a) tho sprny w a x  Iironi~itliyniol blue 
and fur ( b )  bronioplienol Iilue. 

tcrt.dtny1 rrlcohol. Tho xiintiiiigr.natr WIIS chromato- 
gr~rphcil in n-lintnni,l n;rtiiratccl with 2 %  ( w / Y )  aqti~ii is  
KOH (YPC Knriyimr k Hwhimoto, 1951), nncl the ~:hromnto- 
griinis wcrc osnniincd hy U.V. light (3G5-3UCi nip.). On 
hrating the paper, tho I ~ ~ ~ I W I I  flucmncciicc of tha ssntho- 
grnntc wus replared hy n n i o w  rnsily wrn hluc iiuiircsccnca. 

.'-&thylhe+nno!/l rrnd di~i,ulB~lli~r~ip!ll  glircuronklcs. Tho 
sulvcwt wns tho i r - l i i i ~ i a i l - l d ~ - S H ~  solii. misturc uucd 
allllvc. 

I'rrgnimediol. 'I'c~hicno wna tlic nioliilc phase. on 1i:qn:r 
strips pravioiidy iniprrgiintod with pr<ipykne glycol, thc 
spray living ShCI, i n  nitcdirnzwc ~ d d i i i ~ d  Iiy Itoscnkrnntz 
(1!)50) to In: rniirr wasitin- towrrd~ hydrirxyhitrrl stcroidsl 
or in CHCI,. Sulisequriit limtiiig yirlilcil Ixilr-brown ~ l i o t * i  
with a rrd-liriiwn t l ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -  in  ILV. light. 

ValUCs. 

1<1.:s ULL'S 

Sgiithesis of coiijugntes 

('onjngat,cs which hchavcd in tho estimation pro- 
crilurcs like t.hc corrcupi~ivling gliiouroniiles of the 
suhst.mtca won! fornicd only whcn UDPglncuronic 
acid was prcsent during irmubation of tho completo 
rraction mixt,urc; control flaslts (whcro siihstrato 
and 1JL)l'glrieuronie acid rcspcctivcly wcro atl(led 
after incubation) woro always run. I t  remitincil to 
confirm that theso conjugatcs wcro thoso of tho 
siibstratcs with glucuronic acid. 

o- and p-ri~niiiobe~izoic arid as substrates 
Evidence for the agZ,~/eoiie. The aglycone of bot,h 

conjugates behaved as if it were 'ester'-linlicd, 
being completely hydrolysed i u d e r  t.he mild alkillinc 
conditions of t.hc estimation. According to Xhirai 

& Ohkubo (1964a), aniline, acetanilide, 6-hydroxy- 
anthranilic acid and N-acetyhnthranilic acid do 
not interfere in this estimation. Added o-amino- 
phenyl glucuronide was not hydrolysed, so that any 
diazotizable 'ether' glucuronide resulting from 
substrate breakdown should not have been 
measured ; only a trace of unhydrolysed diazotizable 
material waa ever detected. After such mild 
hydrolysie the liberated aglycones were extracted 
with ether, concontrated, and chromatographed 
alongside known OAB, PAB and o-aminophenol. 
R, values (which for these and subsequent chro- 
matograms are detailed in Table 1) confirmed that 
the aglycones were the respective original substrates. 

Evidence for the glucuronic mid moiety. The con- 
jugatos were synthesized on a large scale, by using 
30 ml. reaction mixturos incubated for 1 hr. After 
3min. a t  loo", the solutiohs wore centrifuged, . 
brought to p H i ,  and each supornatant was 
extracted thrice with 45ml. portions of ether to  
romove free substrate. Tho a q u o w s  phase was 
noutraliactl and concentrated to about 1 ml. in 
vacuo. The PAB conjiigatc travollcd on paper 
chromatograms exactly as did known PABG (sce 
Table 1). 

The conjugatos could not bo separat.ed satis- 
factorily from the nricloot.ide glnciironic acid by 
cxtraction; the rinphtharaorcinol rimetion, how- 
ever, whcn performed on cluatos of amu.8 on the 
ahovc chromatogrctm intlioat.ed a positive rosult a t  
the lcvcl of the conjiigeto as well as a t  the glric- 
uronic acid and UDL'gliicuronic acid levels (sou 
Table 1). 

Confirmatory cvidcnco emno from the uso of j3- 
gliiciironitlwo. A? also ir'porttril by Lovvy k 
$\'organ (IN%), i t  was fininrl that this onzyme 
hydrolysed 'ester' glocuroiiidcs (hero PABG) with 
strong specific inhibition from boilod saccharate 
solut.iim (scc Lcvvy, 1952). Conjugates from large- 
scdc synthosis wcrc treated with the enzyme, with 
and without tho inhibitor. Ethcr-solublc corn- 
pounds were relomd, beliaving like the frce 
aglycones both in colour cst.imations and on chro- 
matography ; sitch lihcration wurs strongly inhibited 
hy hoilod srtccharato solution (seo Tablo 2). Since 
ostcraao activity of tho enzyme is limited to 'ester' 
glucurc~nides (Lovvy & ij'organ, 1955). t.hc agly- 
clines must havo hccn conjngtitcd with glucuronic 
noid. 

~-EFltli.yl/i~raiaoic acid as szhstrak 
h'vkfeiice for tho aglycoiie. The arca on the con- 

jiigate chromatogram giving a positive naphtha- 
Iworcinol reaction (see below) was eluted. One 
portion of tho cluate (A) wm hydrolyscd with 
0 .3~-HCIa t  100Ofor 15 min. (I<amiletd. 1053b)and 
extracted twice with an oqiial volume of other; 
1.0 ml. ofmN-NaOH w~~ac~~et~totheethemal layor ,  
thc ethor rcmoved by aeration and the solution 

. 

.- 
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neutralized and concentrated.  A second portion (B) 
w a s  treated similarly, but wi thout  hydrolysis, as 
a cont ro l  for free subs t ra te .  T h e  t w o  concentrates 
were then chromatographed  beside known a- 
ethylhexanoic,  valeric and propionic acids. A gave 
rise to a spot travell ing l ike k n o w n  a-ethylhexanoic 
ac id  (see T a b l e  1); B yielded no de tec tab le  spot .  

Evidence f o r  the glucuronic acid moiety. The con-  
j u g a t e  was synthesized on a large scale, heat- 
coagulated protein cent r i fugeddown,  and the auper- 
natant brought t o  pH 3 w i t h  concent ra ted  HC1 

before extraction with ethyl acetate. The concen- 
trated e x t r a c t  was then chromatographed  aa a band 
alongside known 2-ethylhexanoyl glucuronide.  
Strips from this chromatogram were subjected to 
the naphtharesorc inol  reaction; a posit ive resu l t  
was obtained at the level of known 2-ethylhexanoyl 
glucuronide (see Table 1). 

,¶-Glucuronidase again provided conf i rmatory  
evidence, hydro lys ing  the conjugate  m a r k e d l y  
unless boiled saccharate so lu t ion  was present [see 
Table 2). 

--_____ ____- 
Table 1. Paper clwomatography of unknown conjugates and their aglycones 

Solvents employed werc: (i) n-butanol-acetic acicl-water; (ii) n-bu&ol-l~5~-NH, s o h ;  (iii) ethanol-rd ammonium 
aretate; (iv) iaoctnnr-ncctone-ethnnol-conc. NH, soh.; (v) n-butanol mturated with 2 yo aqueous KOH. Details are 
pivcn in the Experimental section. All chromatograms were run at 20". by ascending or ascending-descending method. 
Cumpwnds in yarcnth-cs wcre substretes in reactions whereby respective unknown oonjugntes were formed. In  this 
and nubsequcnt tables - nienns 'not determined'. 

Rp mean values with solvcnts 

Compound (i) (ii) (iii) (iv) (v) 
o- Aminobenzoic acid 0.93 0.34 - - - 
Aglycone from conjugate (o-aminobenzoic acid) 0.92 0.34 - - - 
p-Aniinohenzoic acid 0.88 0.14 - - - 
Aglycone from conjugnte (p-nminobenzoic acid) 0.87 0.15 - - - 
p-Aminobenzoyl glucuronide 0.34 - 0.70 - - 
Conjugate (p-aminobenzoic acid) 0.32 - 0.70 - - 
Conjugate (o-aminobenzoic ncid) 0.38 
0-Aminophenyl glucuronide 0.23 
Uridine diphosphate glucuronic acid - - 0.12 - - 
Glucuronic acid - - 0.38' - - 
a-Ethylhexanoic acid - 0.70 - 0.75 - 
Aglycone from conjiigatc (a-ethylhexanoic acid) - 0.72 - 0.75 - 
Propionic acid - 0.15 
Valeric acid - 0.3" - - - 
fert.-Amyl alcohol (as xanthogcnate) - - - - 0."4* 
Aglycone from conjugate (lert.-amyl alcohol) - - - - 0.'4* 

2-Ethylhexnnoyl glucuronide - 0.381 - 
Conjugate (a-ethylhexanoic acid) - 0.38' - - - 
lert.-Amyl alcohol glucuronide - 0.11' - 
Conjugate (led.-amyl nlcohol) - 0.11' - 

- - - o-Aniinophenol 0.72 - 

- - - - 
- - - - 

- - - 

(as xanthogenate) - - 
- - - - 

* Indicates sniearing of tho spot. 

T a b l o  2. Hgdrolgsis of conjugates by 8-glucurorridaac 
All flasks containcd 0.08 ml. of 0 . 3 ~  citrate buffer, pH 5.1; where indicated, also 0.08 nil. of j%glucuronid;Lsc and Iioilcil 

ancchnrnte soh .  Total vol. wns 0.6 ml. and incubation wn.v for 3 hr. a t  37". A ?, B?, C'? reprwcnt conjugates nbtnined with 
p-mninobenzoic acid, E-ethylhexanoic acid and fert.-amyl alcohol ILY substratcs, rcupcctively; .-I, B, C arc thc rcspcctiw 
authentic glucumnidLw. Final molarity of saccharnte is quoted. 

- .._______I___________~~ .. ~. ~ .- 

Wt. in conjugate (pg.) 
h 

7 1 
p-Aniinohcnzoic ncid l~lucurnnic wid - Saccharate ,-,'--, ?----A- 

,9-Cl ucnroni(lnsc (InM) .4 ? A B? R c Y 6' 
(i) S o t  present 0 2.0 ?..'I 3.3 6-1 1.4 3.7 
(i i)  Prcvcnt 0 1.2 1 .x I 4 4.3 0 . R  2.0 
( i i i )  Present 0.12 1.9 2.4 
(iv) Pre.wnt 0.50 - - 3.1 .5.0 1 .:! 3.4 

Percentage hydrolysis in (ii) 40 28 Bfi 31 43 30 
Pcrcentnge hydrolysis in (iii) or (iv) 8 4 11 3 14 8 

- - _. - 

' Pcrccntage inhihition of Iiydrolysi.i in (ii) hy: - - - 85 
75 *$ (17 73 

0.12 mM saccharate 88 
0.54 m?f saccharnte - - 
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tert.-Amyl aleoh01 aa &atrate 

Evidence for 6Jw aglycone. Work with the aglycone 
proved difficult. That chromatogram area giving a 
positive naphtharesorcinol reaction (see below) was 
eluted, washed twice with an  equal volume of ether 
to remove any free substrate, hydrolysed with 8. 
glucuronidase and again extracted twice with an 
equal volume of ether. The concentrated ether layer 
was then treated to give the alcohol xanthogenate 
(Kariyono & Hashimoto, 1951). which waa chro- 
mategraphed alongside the xanthogenate of known 
tert.-amyl alcohol. Results were consistent with the 
aglycone being tert.-amyl alcohol (sce Tablc 1). 

Evidence f a r  the glucuronic mid moiety. This was 
obtained from hydrolysis of the conjugate by 8- 
glucuronidase and from inhibition of this procew 
by boiled saccharato solution (see Tablc 2). On 
chromatography, tho unknown conjugate travelled 
like tert.-amyl alcohol glucuronide (see Tablc 1). 

Steroids and still~e&rol aa substrates 
Prcliminary oxperiments indicatcd that when 

androsterone, stilboestrol and allopregnane-3,9:20~- 
diol wcre inoubatcrl with UDI'glncuronic acid in tho 
reaction mixture there wtw an  incwase of material 
extractable a t  pH 2-3 with cthyl acetate or 7 ~ -  

butanol and giving a positive nuphtharonominol 
reaction (compared with controls wherc substrates 
or t.hc niicleotide were acldctl aftcr incubat,ion). 
Complete extraction of this material was not 
possible with ethyl acetate; solvents which effected 
this, such a.9 ?i-hntanol, tmded also to extract, some 
glucnronio acid originating in t,hc niicleotide. Only 
slight synt.hcnis way found, some 0.8-3.5pg. of 
gliicitronic acid heing conjugated/TO0 mg. wot wt. of 
liver (SCC Storey Jr Ih t ton ,  1056), but siiflicient t o  
iiidicatc thc rffcet of UI~Pglric!rironic acid. Tho 
onnjiignto obtained with allopmpnancdiol &Y sub- 
stratc wn.9 prrsumably hydrolysed by 8-glncurorii- 
daw, fnr aftcr such troslmrnt its glitcnronic acid 
was nn longer extractnblo with n-hutanol. With 
prcgiiaiia-:l.r:~O~-~liol as snbstral c further confirma- 
t ion wa.9 ohtainrcl. 

Two 40 ml. voliiincs rifrcartion mixtiirc, A and B, 
wcrc inciibatril; pr(qqiancdio1 WIIS present in A, but 
adilcd to L1 only aflm incubation. Aftor heat- 
coagulation nf protc.in ani1 centrifuging, both 
siipcriiatantti wprc extrnctecl thrico with equal 
volumes each time of mrthylenr chloridc to remnve 
freo snbstrato. The rrmaining tncthylcno chloride 
was removed from t.ho aqueolls phaso in Z K C C U , ~ .  
A antl U wcre then diviilod each intn two portions; 
to  one portion of each wa.9 added boiled saccharato 
solution of final millimolar conccntration. All four 
solut,ions werc incnhated with ~-glricuroniclase for 
5 hr. Protcin was removcd as formerly, tho 
methylcne chloride extractions wcre repeated, and 

the extracts concentrated and chromatographed 
alongside known pregnane-3~:20a:-diol. A faint 
spot at the 881118 level 88 that  of the known sub- 
stancewas observedinthe chromatogram ofthatpor- - 
tion from A not treated with inhibitor (me Fig. 1); 
8-glucuronidase, therefore, liberated from the con- 
jugate a substance travelling like pregnanediol on 
chromatography in the solvent used and resembling 
it also in the detection procedure. No trace of a 
similarly reacting spot was found on the remaining 

- ____I--____- 

1 2 3 4  5 6  
Pig. 1. (a)  1)cmonntrating t h e  Iibcratiun of iiridinc V- 

pyrophoxphste during thc reaction llctwcen UDP- 
glucuranic acid antl p-aniinol)cnzoic wid. Chromato- 
grams of 1, barinni-free noln. ofppt. froni reaction mixture 
trratcd with berinni acctatcLcth;~nol (we  tcxt) aftcr 
Ginin. incubstion; 2, as for 1, lint with on substrate 
pscnt ;  3. m for 1, but with no incubation; 4. known 
c~inqxnnidn: fram biwe-linr, UIIPglncnronic acid, uridbic 
B'-l)yri)lihi)nphetc, uridine r,'-phosplietc, uridinc. Solvcnt 
systeni, propnn-?-&l yo nqiicous (NH,]&), (2~3,  v/v). 
Ultraviolr.t-nhaorbiiig ereax ere iintlinccl, Iiroken lines 
in(liratc fnint nttwrption. 

( b )  Strip chroinatogrsmn of 6 ,  ooniponnd lilicrstccl by 
8-glncnronidiwc from conjogatc olikrincd with preg- 
nanccliol i l ~  snbstmte; 6,  componnd liberatcrl by 8. 
glucuronidasc from known pregntmcdiol glncnronide; 7, 
known pregnanediol. Solvmit system. toliicnn on pro- 
pylcnc glycr~l-iiiipt.egnsted papcr. Stippled areas gavo 
rod-brown colom and Bnorednci aftcr spraying with 
SbCl,nitt.obcnzcnc (see tcxt). Origins for (n) and (6) 
arc at the base-line. 

,- 



three chromatogram strips, though some faint 
fluorescent m e a m  were common to all four. 
Mixtures of known pregnanediol and its glucuronide 
also were treated as above; in the case of the sample 
treated with uninhibited ,%glucuronidase, free 
pregnanediol liberated from the known preg- 
nancdiol glucuronide was satisfact.orily extracted 
and detected. 

Nature of the r a t i o n  

After incubation of PAB for 5 min. with washed 
microsomes as enzyme source and pure UDP- 
gluciironic acid in the reaction mixture, chromato- 
graphic evidence was found for the presence of 
UDP; some uridine 5'-phosphate (UMP) and a trace 
of uridine wcre also prcscnt, resulting presumably 
from UDP breakdown. Aftor the incubation an 
equal volume of 3 yo (w/v) sulphosalicylic acid was 
added, the solution centrifuged and the supernatant 
cxtracted twice with half its volume of ether. The 
aqueous phase was concentrated to 1 ml., adjusted 
t,o p H  8-9, and 1 drop of 28 yo (w/v) barium acetate 
solution and 1 ml. of ethanol were added; after 
cooling to O", the precipitate was centrifuged down, 
dissolved in the minimum amount of O.~N-HCI end 
frcetl of Ba2+ ions by precipitation with (NH,),SO,. 
The supernatant was neutralized, concentrated 
end chromatographed in propan-2-01-1 yo aqueous 
(",),SO, (3: 2, v/v) by the method ofanand, Clark, 
Hall Lyi Todd (1952). The chromatogram was 
wamined under a Hanovia Chromatolite U.V. light 
lamp. Controls consistcd of UDPglucuronic acid, 
UDP, UMP, uridinu, an  identical non-incubated 
reaction mixture and one containing no substrate; 
in the last-niimed, UDP was prrsbnt only in small 
amount (see Fig. 1). 
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With OAB, PAB and o-minophenol concentra- 
tions of 0.14 mM, 0.7, 0.6 and 0.9pg. respectively of 
the aglycone were conjugated after 30 min. incu- 
bation. Both the optimum p H  (74-7.9) and 
anaerobic nature of 'ester' glucuronide synthesis 
agreed with that previously found for o-emino- 
phenol conjugation (Dotton & Storey, 1954); this 
held also with microsomes as enzyme source. 

Location of enzyme system 

The enzyme system responsible for glucnronyl 
transfer from UDPglucuronic acid to  a phenolic 
acceptor is located in the small-particle, or micro- 
som81, fraction of the Pomogenate (Dutton & 
Storey, 1964; Strominger, Kalekar, Axclrod & 
Maxwell, 1954). After fractionation of the homo- 
genate in 0-26ar sucrose solution by the method of 
Schneider & Hogeboom (1950), it was found that the 
microsomal fraction was also the chief site of 
synthesis of the glucuronides ,of YAB or of the 
aliphatic substrates, as illustrated by Table 3. 
Additions of other fractions slightly increasccl 
the synthesis; the Tablc also shows those corn- 
binationa of fractions which offccted the most 
synthesis. 

Trcatment of freeze-dried microsomes with ) I  - 
butanol a t  - 10" (see Morton, 1055) and removal of 
the solvent i n  vacuo, followed by suspcnsion of 
the particles in 5 mM phosphatc buffer (pH 7.4)  
and ccntrifuging at  about 21 O O O g  for GO min., 
resulted in the release of some 5 yo of tho original 
onzyme activity into aqueous solution; fnrthcr 
work will show if this is a practical mothod of 
purification. 

Tablc 3. Glucuronide spthesis  by Iiomogeuate fractions 

Each flask received 0.04 ml. of O 6 m  aminotrishydro+ymcthylmethane huffcr (pH 7.4) containing O~lBar->IgCI,, sub- 
strate, 0.05 n i x  ~f~)PglUCiirnllic acid (final cnncn.), enzyme source and water to 0.51111. .&L: 0.141n~~-,-ntniriobe11zoicacid 
as substrate. M-Q: 14.2 nisi tert.-omyl alcohol i19 substratc. Incubatccl for 30 min. at 37". Dmcription of frartionx in trxt. 

Wt. in  conjugntc (pg.) 
---- 7 

p-Ammohenzoic Glucuronic 
Tissue preparation dcrived from 10 mg. of whole wct liver acid acid 

(A) ?tal 10% liver-sucrose homogenate (E tC+D+B) 1.1 - 
(E) huclear fraction from A 0.2 - 
(C) Mitochondrial fraction from A u.2 - 
(D) Wcrosomal fraction from A 0.6 - 
(E) High-speed supernatant from A 0 
(E') B + D ; ( C ) C + D ; ( I I ) D + B  0.8; 0.9; 0.5 - 
( I )  B + C + D ;  ( J ) B + D + E ;  ( K )  C + D + E ;  (L) B + C + 8  0.9; 0.8; 0.7; 04 - 
(M) Total particles from 10% liver-sucrose homogenate (X f 0 + 1') 
(Y) Nuclear fraction from 31 - 
(0) Mitochondrial fraction from M 2;- 0.4 
( P )  Micronomal fraction from bf - 
(Q) High-speed tlupernutnnt from 10% liver-KC1 homogenntc - 

- 

1.9 
0.3 

O . i  
0 

- 

5 



Vol. 64 URIDINE DIPHOSPHATE GLUCURONIC ACID STUDIES 699 

Inhibition of o-aminophenyl glucuronide synthesis 
The above results suggested that ‘ether’ and 

‘estcr’ gluouronides, with either aliphatic or 
aromatic aglyconcs, were conjugated wholly or 
partly by the same enzyme system. If this were so, 
then the substrates studied should act as com- 
petitive inhibitors in theo-aminophcnylgluciironide- 
synthesizing system of Dutton & Storcy (1954). 
Such competitive inhibition occurred, with benzoic 
acid (see Williams, 1947) irsod in placc of PA13 or 
OAB, and with u-ethylhcxanoic wid. Tablo 4 shows, 
with the relatively crude enzymo preparations 
available, how inhibition of o-aminophcnyl ghi. 
curonidc synthesis varied dircctly with concontra- 
tion of competing substrate and indircctly with that 
of o-aminophenol itself. 

t’remnce of enzyme uptena it6 timues otlier tlm,~ liver 
Although no attempt was made at  this time to 

vxamino systomatioally tissuos other than liver for 
‘ester’ or aliphatic glucuronido conjugation, moiiso 
kidncy and duorlcnum wcrc studied, following tho 
report by Shirai QG Ohkubo (19646) thuL sliccs of 
thcw organs from tho rat  synthcsizcd o-amino- 
benzoyl gliicnronidc (OABC) tu an cxtcnt compar- 
nhlc with, or (with ihiodcnum) ovm grc,at.or than, 
that occurring with liver. No glucuronido formu- 
tion with any nf tho substrates co(ild he clemon- 
strntctl by iising 2 0  yo (w/v) homogenatcs of salinc- 
washed mouw duo(lmnni. With Itidncy. however, a 
variable amoiint of matorial behaving liko OABG 
or PAHC in tho cnlniir estimation wu6 formed; this 
matorial, often corresponding in colour dcnsity t.o U.Y 
~nucl i  as 30yo of the P A W  conjugated by a com- 
purablc livcr homopwito of the sumc animal, could 
n<*vcr bemore than 8 7; hydrnlysccl by p-glrtcuronitl- 
iwe. Most of tho allinli-labile diazot.izable conjugate 
fnrinctl by the kidncy with thcsr two sahst.ratcs must 
themforc not. have becn a 8-glucuronitlc. Synthesis 
by the kidney of glueiironidos of othcr substrates 
c.inliloyc~~wi~satmiint 15‘;Lof thntoccurring inlivcr. 

DISCUSSION 
The results indicate that 0- and p-aminobenzoyl 
glucuronides, 2-ethylhexanoyl glucuronide and 
most probably tert.-amyl alcohol glucuronide were 
synthesized under the above conditions. There is 
good evidence for the formation of pregnane- 
3a:2a-diol glucuronide; with the other steroids and 
stilboestrol, glucuronide fo rmdon  was evident but 
in these cases no identification waq attcmpted of the 
aglycones themselves, which could have been there- 
fore either the original substrates or metabolites 
thcreof. 

Chromatographic evidenco shows that UDP- 
glucuronic acid disappears during ‘ester’ gluc- 
uronide formation and UDP appears; this supports 
t h o  mechanism proposed for ‘ether’ glucuronide 
synthcsis in the same systcm (ytorey QG Dutton, 
1955; lasolbacher & Axelrod, 1955) whereby a 
molccule of glucuronic acid previously linkccl with 
UI>P is transferred t o  the acceptor. 

I t  would now appear. that  UDPglucuronic acid 
acts as glucuronyl donor to a widc rangc of agly- 
cones, and that these includc alcohols and carboxylic 
acids of both thc aromatic ancl aliphat,ic serios. 
Aliphat,ic glucuronide formation OCCUI-S in vivo when 
further oxidation of the aglycone ia hinilercd by its 
braiichcd-chainstriicture (see Kamil et ul .  19835, b). 
Conscquently, the only structural rrquircmcnt for 
a ghiouronyl nccoptor in the rcact.icm stiicticd would 
swm to be t,hc availuhilit,y nf a stablc alcoholic or 
carboxylic hydroxyl group. Tho report by I~sel- 
bachcr QG Axclrod (1955) thatl7:21-ilih3.droxypregn. 
4-ono-3:11:2~-trio1io (cortisonc), unliko 3a:17a:21- 
t.rihydrox~pregnnno-11:2O-ilioii~~ (tctrahyrlrocorti- 
sono), is not such nn uc*ceptiir might bo explained 
oithcr by thc cxistencc nf some dogrcc o f  specificity 
or by tho opcrat,inii ot‘ateric fiwt,nwiat ‘2-17 and C-21 
in stcroids such UT oortisnnc; t h v  latter suggcstion 
(privately coinmiinicatcd I J ~  1)r I. 1). IC. Storey) is 
siippnrtod by the cviiloncc: of 1Pdwunla & Kcllic 
(1986) that  glucuronic acid is cnnjugutrxl i n  vivo 

. 

- ~- - .~ _._. ~. . . .. . ~ -. - . ~ -- - - 

Table 4. Iii1iibitioii of o-anai16op~ie ir~~~k~curoi i ide  syittheuis 

E;wh flank rrccivtvl sulntratcn as inclicihd. with rnxynlc sn~ir 1, wwhcil micri~soiiicu from 40 nig. wrt wt. of liver; 
8. total hoinogcn;rtc fnnn 10 ing. wrt wt.  of lircr. Othcr iulditionn nnd incubutirln as in ‘hblc 3. 

o-An~ino~~brrrol conjugated I i i l ~ i l ~ i t i o ~ i  
(PR.1 
-A- <--- -, 

SulultriLtc (IO nni) ;I n .4 N 

o-Aminoplienol, 1.4 t k~nzosto, 1.5 1.8 1 4 I D  18 
o-Aminophenol, 1.4 f l~rnznatc, 3 4  - 1 .;’ 

o- Aminnphcnol, 0.7 t a.c,thyllieii~li(la~, 1.4 .- 1 .!I 
o-Aminophcaol, 0.9 + a-cthylhcxnnoate, 1.4 - “I  - 1!1 
o- Aminnphcnol, 1.1 + a-cthylhcxnnoato, 1.4 - -  2.3 ~- P ’. 12 
o-Aminuphcnol. 1.9 L a-cthylhcxanoatc, 1.4 - b9.4 - s 

- ..- o- Aniinophcnnl. 0.7 2.1 1.7 
o-Aniiiioplienol, 0.7 + kirzoute. 1G 1.1 1 4 48 41 

-”, 
.’7 

-. __ 
- _ _  - 2.1; o.Aminophcnol, O . i  - 

‘V 
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with the C-17 atom of androst-4-en-l7/?-01-3-one 
(testosterone). 

Naturally occurring glucuronides are considered 
to be of /?-configuration, and all those studied in this 
work were found to have this structure. As already 
pointed out (Leloir, 1956; Storey & Dutton, 1956), 
there is indirect evidence that the glucuronic acid- 
phosphate linkage in UDPglucuronic acid is of 
a-configuration; the nucleotide has been obtained by 
enzymic oxidation of the probably a-linked uridine 
diphosphate glucose (Strominger et al. 1954), and i t  
does not it,self appear to be a substrate for /?- 
glnciironidaae (Dutton & Storey, 1954). An inversion 
would thus seem to occur during transfer of 
glucuronic acid from the nucleotide to  the 
acceptor. 

Most of the earlier work on glucuronide syntheaia 
in vitro used aglycones such as a phenol (e.g. 0 -  or 
m-aminophenol) or an alicylic alcohol (e.g. menthol 
or borneol) ; although such ‘foreign’ substances 
when fed to tho animal are excreted as glucuronides, 
i t  has been objected (see Fishman. 1955) that  they 
are not ‘natural’ substrates for the glucuronide- 
synthesizing system, as would be, prcsumably, 
hydroxylated steroids. The present work shows that 
examples of both ‘foreign’ and ‘natural’ gluc- 
uronidogenic substances accept glucuronic acid from 
UDPglucuronic acid, and that so far as reaction 
with tho glucuronyl donor is concerned, no distinc- 
tion exists. 

Though detailed study will require a stable 
enzyme solution there seems no reason to suppose 
that the enzyme system responsible for glucuronyl 
transference from UDPglucuronic acid differs 
among these various acceptors or that it requires tho 
participation of 8-glucuronidase. So far the system 
has been demonstrated only in liver microsomes; 
thcrc arc indications that it may be present toasmall 
extent in the kidney, slices ofwhich organ synthesizc 
o-aminophenyl glucuronide (Storey, 1950). I n  spite 
of tho report by Shirai & Ohkubo (19546) that  rat- 
duodenum slices readily form OABG, the enzyme 
systrm was not forind in homogenates of this organ 
from the mouse. 

SUMMARY 

1. Evidence is presented, from chromatographic 
and enzymic methods, for the synthesis in mouse- 
liver preparations of the glucuronides of 0- and 
p-aminobenzoic acids, a-ethylhexanoic acid, 1:l- 
dimethylpropand and pregnane-3a:20x-diol. Gluc- 
uronide formation was also observed when 3a- 
hydroxysndrostan-17-one (androsterone), dlopreg- 
nane-3/?:20/?-diol or 4-4’-dihydroxy-a/?-dicthylstilb- 
ene was added to the preparations. 

2.  The presonce of tho glucuronyl donor uridine 
diphosphate glucuronic acid was nocessary in all 
cases. 

3. After an ‘ester’ glucuronide had been formed 
by such transfer of glucuronic acid, uridine 5’- 
pyrophosphate wea demonstrated chromatograph- 
ically in the reaction mixture. 

4. The enzyme system responsible was located 
chiefly in the microsomal fraction of a mouse-liver 
homogenate. The specificity of this enzyme system 
for the various acceptors is discussed. 

5. It is concluded that uridine diphosphate 
glucuronic acid acts as glucuronyl donor in the , 

formation of ‘ether’ and ‘ester’ glucuronides of a 
wide rehge of compounds, including both ‘foreign’ 
and ‘natural ’ glucuronidogenic substances. 

Thanks are due to 1)r R. P. Cook and Dr I. D. E. Storey 
for helpful discussions, to Mr J. H. Spencer for assistance 
with some of the experiments, and to the Medirsl Research 
Council for an expenses grant towards part uf  this work. 
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Purification of Bradykinin by Ion-Exchange Chromatography* 

BY SYLVIA 0. ANDRADE AND M. ROCHA E SILVA 
Department rJf Hioclaemi.stry and Phannacdynumica, Institute Bioldgico, S?ia Paulo, Brazil 

(Received 18 May 1956) 

Bradykinin, as preparcd by incubation of plasma 
globulins with the venom of Bothrops jaraFaca 
(Rocha e Silva, Beraldo & Rosenfcld, 1949). can be 
assayed upon the guinoa-pig ileum, producing a 
typical contraction of the slow typo, not inAucnccd 
by atropine or anti-histamin6.s. From the crudc 
matcrial, bradykinin is quantitatively extracted 
into acetic acid, from which i t  can bc precipitated 
by addition of soveral volumes of ethyl cthor (Pratlo, 
I3eraldo & Roeha e Silva, 1950) .  The dry material so 
obtained is complctoly solnble in water and can be 
nsed as a starting material for fiirther purification. 
This hos been achieved by employing a column of 
aluminium oxide (Prado et al. 1950) and a cellulcse 
(paper pulp) column, according to  Helmcr (1950). or 
both (Andrade, Diniz & Rocha c Silva, 1953). We 
have shown that a combination of tho cellulose 
column and aluminium oxide affords an efficient 
means of incrcasing activity of the matorial, from 
4 to  5 ‘units’ per mg. to  1200 ‘iinits’ per mg. 

For reasons given in a previous paper (Andrade, 
st al. 195.7). we concliidcd that, bradykinin is a 
pnlypcptide; electrophoresis (C. R. Diniz, personal 
cc~r.munication) indicated that  i t  has a high iso- 
rlcctric point (about pH 10) and therefore the 
npplicat.ion of tho cnrboxylic resin IRC-80 (XE-64) 
waa intlicated for frirt,hcr purification, os reported in 
a preliminary commnnication (Andraclc, 1954). 

EXPEBIMENTAL 
Crude bradykinin prcparationr. Large batches of ox 

plasma were precipitated at room temperature with an 
equal volume of a r i %  solution of animonium sulphate, the 
prccipitata collected in the centrifuge waa resuspended in 
distilled water and dialysed against running h p  water for 
36-48 hr. The concentrated solution of the globulins so 
obtained was adjusted to the same volume as that of the 
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original plasma and incubated with venom in W ml. lot4 aa 
described previously (Rocha e Silva el al. 1949). The active 
material was extracted with boiling 70% ethanol and dried. 
The dried residue ww dissolved in a minimum of acetic acid 
and precipitated with 8 vol. of ethyl ether. The powder was 
dried over ether and acetone (Prado et al. 1950), giving a 
strongly yellow material, very stable at  room temperature. 
At thk stage, ahout O.?mg. of material (equivalent to 
1 unit) waa obtained from each millilitre of plasma. 

Paper-pulp material. About 14-1.5 g. of theraw material 
obtained by precipitation from acetic acid, with an approxi- 
mate activity of 4-5 ‘units‘ per mg., was dissolved in 10 ml. 
of water added to the top of a column of Whatman no. 1 
paper pulp (Helmer, 1950) and I nil. of a 80 76 (w/v) solution 
of phenol waa immediately added with gentle stirring. The 
dehils of the procedure for elution and freeze-drying of the 
active material have bcon given IJY Andrade et al. (1953). 
Thedry matorialsool~tainedlras also been uncdanasta~tdard 
(PPM-paperpulp mnlerial) with an activity of 10’units’ per 
mg. The material so obtained is still yellowish, with a 
lustrous appearance, a id  is stored in the ice-box under 
vacuum in sealed ampoules. 

In a typical 
csperiment, 500 mg. of the dry ‘paper pnlp material’ waa 
di.%olved in 5 ml. of 70q6 (v/v) ethanol and placed in the top 
of H columii (2.5 cm. x 10 CUI.) of Rrockniann’s aluminium 
oxide (Merck and Cn., Rahway, N.J.). Ahut  2iM ml. of 
70% ethanol WRR lived as the eluting solution. Saniples of 
1 ml. wore collected at about 25 min. intervala with an 
nutomatic fraction collector (Technicon, USA.). The 
samples were analysed for biological activity, for light- 
absorption at 270 mp. und for ninhydrin-reacting materiel, 
before and after hydrolysis. A t  this stage the non-hydro- 
lysed niaterial gave consistently negative reactions with 
ninhydrin. 

Ambrrlile IRC 50 (XE-64). Chromatography with this 
ion-exchange rosin was carried out on a 0.9 cm. x 15 cm. 
column. The preparation of the resin and operation of the 
column were carried out according to the procedure of Hirs, 
Moore & Stein (1953). In experiments on rechromato. 
graphy of the material through tho Amberlite column, the 
eluting solution hnd a pH higher than that of the column 
and therefore a gradicnt of pH daa’-atablished during 
elution. Thin technique hns also heen used for purifying 

Paper pulpaluminium ozida material. 
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